ABSTRACT. Objective. To develop a fibromyalgia (FM) survey questionnaire for epidemiologic and clinical studies using a modification of the 2010 American College of Rheumatology Preliminary Diagnostic Criteria for Fibromyalgia (ACR 2010). We also created a new FM symptom scale to further characterize FM severity. Methods. The ACR 2010 consists of 2 scales, the Widespread Pain Index (WPI) and the Symptom Severity (SS) scale. We modified these ACR 2010 criteria by eliminating the physician's estimate of the extent of somatic symptoms and substituting the sum of 3 specific self-reported symptoms. We also created a 0-31 FM Symptom scale (FS) by adding the WPI to the modified SS scale. We administered the questionnaire to 729 patients previously diagnosed with FM, 845 with osteoarthritis (OA) or with other noninflammatory rheumatic conditions, 439 with systemic lupus erythematosus (SLE), and 5210 with rheumatoid arthritis (RA).
The publication of American College of Rheumatology (ACR) preliminary diagnostic criteria for fibromyalgia (FM) in 2010 (ACR 2010) 1 eliminated the tender point examination, thus making it possible to study FM in survey and clinical research. The diagnostic criteria for FM are satisfied if the following 3 conditions are met: (1) the Widespread Pain Index (WPI)  7 and the Symptom Severity Score (SS)  5, or the WPI is 3-6 and the SS  9; (2) symptoms have been present at a similar level for at least 3 months; and (3) the patient does not have a disorder that would otherwise explain the pain.
The ACR 2010 study found that about 25% of clinic patients with FM did not satisfy ACR 1990 classification criteria 2 . The study group developed the SS scale so that patients who improve and do not satisfy criteria could be followed for the severity of FM symptoms. This scale could also be used in patients with other rheumatic and nonrheumatic diagnoses to determine the extent to which someone may also have comorbid FM symptoms. In addition, some patients with other rheumatic diseases will also satisfy dichotomous (i.e., yes or no) FM criteria when tested for it 3, 4, 5, 6, 7, 8, 9 . From such data it is likely that an important proportion of patients with FM in observational studies would not satisfy 1990 or 2010 FM criteria, while many patients with other rheumatic diseases would satisfy the ACR 2010 criteria had they been queried about symptoms of FM.
A major limitation in understanding FM prevalence and characteristics is the difficulty imposed by the requirement for a physician examination. Even the ACR 2010 requires at least an interviewer. Because most of the ACR 2010 items can be obtained by self-administration, we modified the criteria so that complete self-administration would be possible. While this eliminates special skills that an interviewer might have, it allows administration in survey research and settings where the use of interviews would be difficult or prohibitively expensive.
We describe here the development and performance of modified ACR 2010 criteria and a new Fibromyalgia Symptom scale (FS) formed by the combination of the WPI and SS scales. We examined how the ACR 2010 SS scale could be best modified for survey research, and we applied the modified ACR 2010 criteria to patients surveyed in a longitudinal databank. We examined the rate of modified ACR 2010 positivity in patients diagnosed by rheumatologists as having FM at entry to the study, and in patients with other rheumatic disorders. Finally, we examined the performance and distribution of the FS scale across different rheumatic disorders. This scale has also been called the fibromyalgianess scale 10, 11 .
MATERIALS AND METHODS

Patients and diagnoses.
We studied participants in the US National Data Bank for Rheumatic Diseases (NDB) longitudinal study of rheumatic disease outcomes 12 . Participants are volunteers, recruited from the practices of US rheumatologists, who complete mailed or Internet questionnaires about their health at 6-month intervals. They are not compensated for their participation. Diagnoses are made by the patient's rheumatologist or confirmed by the patient's physician in the small number of cases that are self-referred. The NDB uses an open cohort design in which patients are enrolled continuously 12 .
In July of 2009, we administered FM criteria items to 7233 patients who were completing a comprehensive 28-page semiannual survey, including 729 whose diagnosis was FM at entry to the NDB study, 855 with osteoarthritis (OA) or with other noninflammatory rheumatic conditions, 439 with systemic lupus erythematosus (SLE), and 5210 with rheumatoid arthritis (RA). The mean age and percentage of men who participated was 63.3 years (SD 12.5; 17.3%) for all patients; 59.1 (SD 12.2; 3.6%) for patients with FM; 70.1 (SD 10.7; 17.4%), for patients with OA; 54.1 (SD 12.4; 5.5%) for patients with SLE; and 63.8 (SD 12.0; 19.2%) for patients with RA. To distinguish between FM classification in the NDB, which was based on physician diagnosis, and classification based on the modified ACR 2010 criteria, we call FM as diagnosed by physicians and categorized in the NDB, "NDB fibromyalgia."
FM study variables. The widespread pain questionnaire asks patients to indicate whether they have had pain or tenderness over the previous week in the shoulder girdle, hip, jaw, upper back, lower back, upper arm, upper leg, chest, neck, abdomen, lower arm, and lower leg. They were asked to grade the right and the left side of the body separately. Each item was scored 0 or 1. The minimum total score was 0 and the maximum total score was 19. This scale represented the widespread pain index (WPI). The WPI is a part of the ACR 2010 and the modified ACR 2010 criteria.
The symptom scale questionnaire asked patients to indicate the severity over the previous week of several items, using the following scale: 0, no problem; 1, slight or mild problems, generally mild or intermittent; 2, moderate, considerable problems, often present and/or at a moderate level; and 3, severe, continuous, life-disturbing problems. The items were fatigue, trouble thinking or remembering, and waking up tired (unrefreshed). Patients also were asked to answer yes/no whether they had had pain or cramps in the lower abdomen, depression, or headache during the previous 6 months. When summed, these items result in a score between 0 and 12. This score represents the SS scale of the modified ACR 2010 criteria. It differs from the SS scale of the ACR 2010.
Other study variables. Patients also completed the Medical Outcomes Study Short-Form 36 (SF-36), version 1, from which the physical component summary score (PCS) was calculated 13, 14 . The primary time period of the SF-36 questionnaire was 4 weeks. The SF-36 mental health scale was transformed to a 0-10 mood scale, with higher numbers indicating worse mental health. To measure functional status, we used the Health Assessment Questionnaire Disability Index (HAQ) 15 , and fatigue, disturbed sleep, and pain were assessed by visual analog scales (VAS). Patients also reported on the presence of somatic symptoms, similar to those reported in the ACR 2010 diagnostic criteria study 1 , and a count of somatic symptoms (0-37) was obtained. We also calculated the Symptom Intensity Scale (SI) by summing the WPI and VAS fatigue scale scores 16 . The SI scale is similar to the FS scale of our report.
Criteria modification. The ACR 2010 criteria used a 4-item SS that included 1 item that asked the physician to indicate whether the patient had no, few, moderate, or many somatic symptoms. As that evaluative question to physicians appeared to lack face validity if presented to patients, we modified the SS by substituting for the somatic symptoms item a 0-3 item that represented the sum of 3 items: the presence or absence of headaches, pain or cramps in lower abdomen, or depression symptoms during the previous 6 months, as described. We used a 6-month timeframe rather than a 1-week timeframe because we wanted a 6-month prevalence rather than a point prevalence as a measure of somatic symptoms. We also asked patients to report areas of "pain or tenderness" for the WPI. In the ACR 2010 study we asked only physicians to determine areas of pain. We made this change to be sure that patients understood that tenderness in regions should be counted for the WPI. The change in the somatic question, the WPI clarification, and the method of administration are the essential differences between ACR 2010 and modified ACR 2010 criteria. The modified criteria are not ACR criteria, but are modified from the official ACR criteria.
The sum of these 3 new symptom items (mini-somatic scale) correlated with a count of somatic symptoms in the study subjects at 0.668 (Spearman correlation). The mean number of somatic symptoms at each level of the 3-symptom item scale was 0: 4.7; 1: 9.6; 2: 14.7; and 3: 20.6, suggesting that the scale functions as a surrogate for the somatic symptoms item.
The modification we describe, the creation of a modified 4-item SS scale, was only one of several other possible modifications. Other possible modifications included deletion of the ACR 2010 somatic symptoms question, which would have resulted in a 3-item SS scale, or the use of a different 4-item scale based on the determination of multiple somatic symptoms. The advantage of using a 4-item scale was that the modified ACR 2010 criteria and the ACR 2010 criteria would have the same scale length for the SS scale. In the statistical analyses for this report, we compared the performance of the ACR 2010 modified 4-item scale with a 3-item scale that omitted the ACR 2010 somatic question. We also evaluated the addition of a count of 37 symptoms to a diagnostic regression model that included the WPI and the modified 4-item scale. In logistic regression simulation analyses comparing NDB FM with NDB OA, we determined that the addition of the somatic symptom scale increased the percentage correct by 0.3% and the area under the receiver-operating characteristic (ROC) curve by 0.005.
Given the practical difficulty of constructing and using a multiple somatic symptom scale, and the extremely slight improvement that it might afford, we concluded that a simpler scale performed adequately, and we did not include a multiitem somatic symptom scale in the modified ACR 2010 criteria.
The modified ACR 2010 criteria are a WPI  7 and an SS  5 or the WPI is 3-6 and the SS  9, provided symptoms have been present at a similar level for at least 3 months and the patient does not have a disorder that would otherwise explain the pain. As noted, the modified ACR 2010 criteria are almost the same as the ACR 2010 diagnostic criteria with the exception that the 4-item SS scale is modified as described.
We also developed an FS scale. This scale represented the sum of the 0-19 WPI and the modified 4-item (0-12) SS scale. Its range is 0-31. This scale is also known as the fibromyalgianess scale 10, 11 .
Statistical methods. To describe the univariate associations of NDB FM diagnoses with the study variables, we calculated Somers' D and its 95% CI (Table 1) . Multivariable models comparing a 3-item SS scale with a 4-item SS scale used logistic regression in bootstrapped simulation models (100 repetitions). Models were evaluated with the Akaike Information Criterion (AIC), the Bayesian Information Criterion (BIC), the area under the ROC curve, and the percentage of patients correctly classified. We compared the SI and FS scales using the Pearson correlation coefficient and Lin's concordance coefficient 17 . Data were analyzed using Stata version 11.0 (Stata Corp., College Station, TX, USA). Table 1 displays the entry characteristics of participants, according to NDB diagnosis. The long duration of illness reflects that patients entered the NDB at a younger age and had been participants in the NDB for 6.5 (SD 4.82) years prior to the development of the FM study questionnaires. Patients with FM had more abnormal scores for all study variables.
RESULTS
Entry characteristics.
Association of criteria-related clinical variables with NDB FM diagnosis.
Before studying the modified ACR 2010 criteria, we examined the ability of variables to identify NDB FM compared with OA, and NDB FM compared with all patients. We separately examined OA because OA is a noninflammatory comparison group, similar to the control group in the 2010 FM diagnostic criteria study. Table 2 shows that the strongest univariate correlations in the OA and all-patients group analyses included the 4-item SS score and the WPI. The highest-ranking variable was the composite FS variable that represented the sum of the 4-item SS score and the WPI. Other important differentiating variables were the number of somatic symptoms and the presence of tender muscles.
Because the 4-item SS scale was modified from the 2010 ACR scale, we examined its predictive ability. We performed a series of multivariable regression analyses using the WPI and the 3-item and 4-item SS scales as predictor variables to determine whether the 4-item SS scale performed better than the 3-item scale in distinguishing NDB patients with FM from non-NDB patients with FM, as suggested by Table 2 . In analyses performed in all patients and separately against the OA subset, the 4-item scales fit the data better than the 3-item scale as measured by the Akaike Information Criterion and the Bayesian Information Criterion. Classification was also slightly better with the 4-item scale. fied ACR 2010 criteria+ and criteria-patients, classifying 93.0% correctly, with a sensitivity of 96.6% and a specificity of 91.8% in the study population. Figure 1 shows the distribution of the FS scale of modified ACR 2010-positive and 2010-negative patients. Figure 2 shows the distribution of the FS scale among NDB patients with FM and patients with RA. Among patients who satisfy modified ACR 2010 criteria, the FS has these characteristics: mean 19.5 (SD 4.8), median 19, range 12-31. The FS is similar to the SI 16 , and has also been called the fibromyalgianess scale. Although the SI scale combines a VAS fatigue scale with the WPI and the FS scale combines the WPI with the 4-item SS scale, the 2 scales are effectively the same in terms of performance. When the SI scale is transformed to the same scale length (0-31), the Pearson correlation coefficient of the scales is 0.963 and Lin's concordance coefficient is 0.956. The 4-item SS scale is correlated with the FS at 0.817 and with SI at 0.746.
To further characterize the relationship between study variables and new scales, we determined Pearson correlations for the all-patient groups and ranked the coefficients according to their strength of association with the FS scale ( Table 5 ). As expected, the single-item components of the minisomatic scale were the least associated with the study composite scales.
To understand how well the FS and SS scales performed, we studied correlations between the scales and the individual SF-36 domains (Table 6 ). In column 4 of 
DISCUSSION
The criteria presented in the Appendix permit FM to be identified and studied in survey research without the necessity of a physician examiner. We modified the ACR diagnostic criteria for fibromyalgia to be applicable to survey research and then applied the modified criteria to patients with rheumatic disease who were enrolled in a longitudinal observational study. Based on previous research, we expected to find that many patients with rheumatic disease would satisfy FM criteria and many patients with FM would not, and that is what we found.
Most estimates of FM in RA range from 12% to 15% 3, 4, 5, 19 , with 1 study reporting a prevalence of 57% 6 . A
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The prior study from the NDB using different criteria noted FM in 17.1% 7 . FM is "very common" in SLE 8 , with 1 estimate as high as 40% 9 . With the modified ACR 2010 criteria, we identified FM in 21.1% of patients with RA and 36.7% of those with SLE. We found that 60% of patients with an NDB diagnosis satisfied the modified ACR 2010 criteria for FM. In the ACR diagnostic criteria FM study, about 25% of clinic patients diagnosed with FM did not meet the ACR 1990 FM classification criteria 1 . Although the overall course of patients diagnosed with FM is not clear, chronicity is often assumed, but considerable improvement may occur 20 . While the prevalence rates we found are consistent with other studies, observed prevalence depends not only on case selection, but on the specific criteria as well. The FS scale provides further insight into this issue. As shown in Figure  2 , upper left panel, in "non-fibromyalgia" patients, the FS scale represents a continuum. The best cutpoint that separated FM-positive and FM-negative cases was 13, using the modified ACR 2010 criteria. The ACR 2010 diagnostic criteria increased the sensitivity to FM clinicians' diagnosis by about 18% compared with the ACR 1990 criteria 1 . In that study, 38% of patients satisfied ACR 1990 classification criteria and 45% satisfied the ACR 2010 diagnostic criteria. The change in diagnostic sensitivity is probably also reflected in the prevalence estimates in the NDB determined by modified ACR 2010 criteria.
The ACR 2010 FM diagnostic criteria introduced a severity scale as part of FM diagnosis, and as a measure to evaluate symptom severity. The data of our study show that the modified 4-item scale of the modified ACR 2010 criteria works better than a 3-item scale; and by adopting the 4-item scale we allow the modified ACR 2010 criteria and the ACR 2010 SS scales to have the same scale length. We have suggested taking this scale further by combining the SS scale with the WPI. As shown in Table 3 , the FS effectively measures the severity of the different clinical groups after the application of the modified ACR 2010 criteria. It also identifies differences among patients with FM ( Figure  2 , bottom) and among patients with RA ( Figure 2 , top right panel). This scale is similar to the SI that was based on the WPI and a VAS fatigue scale 16 . Wolfe and Rasker 16 reported that the SI scale was the best identifier of symptoms associated with FM content, including an increase in general medical symptoms. SI scale elevations were associated with increases in cardiovascular disorders, hospitalization, work disability, and death. Persons with socioeconomic disadvantage by reason of sex, ethnicity, household income, marital status, smoking, and body mass had increased SI scores. It appears that either conceptualization of FM symptoms will work. For research purposes and the understanding of pain syndromes, the FS offers the advantage of a continuous scale that is representative of the ACR 2010 diagnostic criteria. The FS can also be applied directly to FM severity, enabling measurement within the group of FM-diagnosed patients. The median score among modified ACR 2010 criteria+ patients is 19, a value that could be a benchmark for FM severity. Other categorizations of the scale in modified ACR 2010+ patients are possible. If the FS is used without regard for FM diagnosis, it gives a broad picture of FM symptoms that spans the FM dichotomy and integrates such symptoms into rheumatic diseases and medicine generally as a measure of physical and psychological symptom intensity.
The FS and the 4-item severity scales can be compared to the FM-specific revised Fibromyalgia Impact Questionnaire (FIQR) 18 . As shown in Table 6 , correlations between the FS, SS, FIQR, and the SF-36 domain scales were similar. The FS and SS scales might be more useful generally because they are not restricted to FM use, as is the FIQR. The FIQR total score is more strongly associated with the SF-36 physical function scale because the FIQR contains 9 functional questions and the FS and SS contain none. We strongly agree with the importance of functional status, but omitted it because our scales were designed primarily for aiding in diagnosis. We recommend the use of a functional scale such as the HAQ when comprehensive assessments are required.
The scales we have developed are not designed for assessment in clinical trials, where responsive questionnaires that access multiple domains are available 21, 22 .
The idea of FM as a part of a continuum has recently gained additional support from the work of Häuser and colleagues 23 , who performed a detailed face-to-face population study of 2524 subjects that used the regional pain scale (WPI), comprehensive assessments of patient health, psychological distress, social support, and health-related quality of life. They found that the primary symptoms of FM existed in a continuum. They reported that the markers of physical and psychological distress were continuously distributed among the general population, and that FM is a clinical entity at the end of a continuum of biopsychosocial distress (i.e., physical and psychological symptom intensity). FS can be a way to characterize that continuum 23 .
We also evaluated the relation between the modified ACR 2010, the FS, and widespread pain (Figure 3) . A series of important pain studies have used the widespread pain criterion that was part of the ACR 1990 classification criteria 24, 25, 26, 27, 28, 29, 30 . Widespread pain, as a variable, has a substantial advantage over the ACR 1990 criteria because it can be used in epidemiologic research without requiring an examiner. In addition, its use does not require the acceptance of the ACR concept of FM 31, 32 . Our study shows that adding the FS scale from the modified ACR 2010 criteria to the widespread pain criteria identifies patients who are at higher risk for adverse outcomes. The use of the modified ACR 2010 criteria study variables should allow additional refinement for studies based on widespread pain.
Among the limitations of our study was that we did not evaluate the possibility that patients might have had another disorder that could have caused their pain. However, all patients in the study had well characterized rheumatic diseases. It is important to note that rheumatic diseases do not usually cause pain that could be confused with FM; instead they most often coexist with FM. We also did not specifically inquire whether the patients' symptoms had been present for more than 3 months. However, patients entered the NDB study because they had ongoing symptoms.
The modification that we made to the ACR 2010 diagnostic criteria was to substitute a count of 3 symptoms for the physician's (0-3) evaluation of the extent of somatic symptom intensity. We did this because it was not reasonable to have patients evaluate their own degree of somatic symptom intensity. While it was possible to provide patients with checklists of many symptoms, this would have complicated the questionnaire. In addition, analysis of checklist data did not support such a method. The exact questions that we added -headache, pain or cramps in lower abdomen, and depression symptoms -were based on results from the ACR 2010 diagnostic criteria study and from suggestions in the literature 33, 34 . While these items were not assessed for severity, their addition provided the measure of somatic symptom intensity. The exact wording of the depression question could be a matter of concern. In the context that we used the word depression, it meant depressive symptoms, feelings of depression, or depressed mood. It was not meant to indicate a medical diagnosis of depression. The use of a single-item depression questionnaire has been reviewed and used in RA 35 . In that report we indicated that as evidence of validity, self-reported depression was significantly associated with the SF-36 mood and mental component summary score (MCS). The area under the ROC curve for mood was 0.826. The area under the ROC curve for the MCS scale was 0.823. Clinicians and investigators using these criteria should select words related to depression that capture the intent of the criteria in their assessment questionnaire.
The ACR 2010 diagnostic criteria and the modified ACR 2010 indicate that symptoms should be present for at least 3 months. The ACR 2010 criteria items, however, specify a shorter period of evaluation (7 days). Except for the 3 somatic symptoms, the modified ACR 2010 criteria also use the period of 7 days. This period was chosen because memory of pain and symptoms deteriorates with time. Importantly, Häuser and colleagues have shown that concordance of FM diagnosis according to survey criteria 36 after 8 weeks was 97.5% (test-retest reliability) in patients presenting with chronic pain in departments of rheumatology and pain medicine 37 . The survey criteria in that report were based on the WPI and a VAS fatigue scale 36 . These data offer support for the use of a 7-day frame for WPI assessment in patients presenting with chronic pain.
Survey criteria may be used in many different settings and circumstances, and it is not always possible or necessary to include criteria items 2 and 3 as specific questions: symptoms have been present at a similar level for at least 3 months, and the patient does not have a disorder that would otherwise sufficiently explain the pain. But is important to be sure that the questionnaire does not address a transitory condition. Where appropriate and needed, a question such as this might be added: "Have your problems with pain and symptoms been present for 3 months or more?" Such a question, of course, would not be needed if patients with a chronic disorder (e.g., RA) were being surveyed.
We have shown that a modification to the ACR 2010 FM diagnostic criteria will allow their use in epidemiologic and clinical studies without the requirement for a tender point examination. The criteria are simple to use and administer, but they are not to be used for self-diagnosis or as a substitute for a physician's diagnosis. In addition, we describe an FM symptom scale that appears to have wide utility beyond FM. For the time being, investigators can use the modified criteria or the ACR 2010 or 1990 criteria for diagnosis. Future studies should assess the acceptance, reliability, and validity of the modified ACR FM diagnostic criteria in epidemiologic and clinical studies in different levels of care.
